Impact resistance of composite materials under biaxal preloading by Garnier, Christian et al.
OATAO is an open access repository that collects the work of Toulouse researchers and 
makes it freely available over the web where possible. 
This is an author-deposited version published in : http://oatao.univ-toulouse.fr/
Eprints ID : 8922 
To link to this article : DOI: 10.4028/www.scientific.net/KEM.482.39 
URL : http://dx.doi.org/10.4028/www.scientific.net/KEM.482.39 
Open Archive TOULOUSE Archive Ouverte (OATAO)
To cite this version : Garnier, Christian and Djilali, Toufik and 
Brault, Romain and Mistou, Sebastien Impact resistance of 
composite materials under biaxal preloading. (2011) Key 
Engineering Materials, vol. 482 . pp. 39-48. ISSN 1013-9826
Any correspondence concerning this service should be sent to the repository 
administrator: staff-oatao@listes.diff.inp-toulouse.fr㩷
	

	
		

		
	

	
		

		
	

	 !"	# $
%
	

	&'	(""	%)*""+	,	-.	-/0-	"	"%"+	1"	
	

 	2"		"	%"	"3"	-/0-	 	"%"+	1"	
	

43"5"4	

4%6775"4	

475"4	
%
""45"4	
	 
	 89("7:	 2	 9+7	 2"7%3	 2"	 "%	 "32:	
 4

	  	 
  	 	  	 

 	 
	 
  
 	



 

						



	 
 	
 
	


	

		

	
	

			

		
			


 
	 
  	   !		 	 "#
 
 
$

%		
	


	




 

 
	  	 		  

&   	
 	 
 
	
	
				
	"
	



	
	'%	
	



			

	()*

+),-

	


			
		()*


+.,-

	


			

	()*




!
		
/0!"/
0
	!

%




	


			"
	
'%
 !



	
				

	
	

	
	
				



	
	
	
	




 1	(23*	

		



	
			
4
	


		




(56*		

	
			
	
			



7		
		
		
		(8*			(.3)9*
					

	
 	

		
	

 !			



				
	
":	
	
$

#

;$

%(3)2*
 <		
			
		





	


	

		
	
		
,
	 #
	
	 /


	

	 =
	
	  !

 

#
		





		

=	

					+		
		



	
	#	
				
	
	"-=%
=			
	
	
		
		


	


)>9)99?	

	
	
		
		
.
#
	+2

+.#
	

		
 
  	
 	
	

	@AA99


	

 	        	 	  
 	 	 
  	



	
)99 


	
		
	
 
  	 
  
	  
 4  .99 <   	 	

 					
			=

 
	  		 
       		
"+5%

+2,	BAA99


	


		
						

		
		
	

 

	
		
	
			-

	 		
	
	
		
		

			

			

		


	
	
		

			 		
		




		



	

	
+>

+5,
	



	
		C
	
	
			
/0!)9D	
2		
	 	  
 	 

 E 	    
 
 	
	 F 	

 		 	 		   	  
 	 

, 	
	>
	


.


	
4
	




    %")GHGH        ")%
    


>
) 
        ".%

	

"C%AI

	)9D

	



 	
 	
 	 	 
 	 		
	


	 !
F	
	 !



			



	
	

#	 !	
,
	 $	

	 :#		
	 ;
	

		
			

				
	

		=					

		
#		
			+6

4
		

			


+>,-
4			


	
	

	
	





		
	

,

	
		


 


 		 	4
 		
 	


 	
  	 
	 	
		
	


	 		
		
	
	
			
		




	
	
	 



	 

	
	   	 	 
 

	  	   
	 1 	 	 




$
	,


+6,+


      


       "2%
      


	
.
       "5%


	1		

		



),
		


J)"% J."% "% 1"
% $"% #)"?% #."?%
)>9 )99 . 9)> .699 299 .99


 
 	 
    
K 
  	
 	 
 ) 
 . "
	%						

	
,

       
        ">%
#
	

	
			 


.,=


 !" # !"
)> .9



	#	!$

$	 

 
   

 

 
  
	  	  







 
4
		
	

F
		
	 	
		
	:#
$	
			
	&	
	 

 

  
   	 
 
  	  + A 
 3 

		:#
	$
	


	#	
%&
<


		
	
			

	299
		
		



	

	 	    
	  )9 
 
 29    
	 >9< 
	

			

	"
>%


+	


	 	
 	  .9L   	 		 	 	 	  	  
 
	


	
			
 		 	
	
	
			
			
		
	 	 

  
	 
  	  	  	   	 

						
	+		


	

			()2*

 

+8,$	
	()2*



+A,$	
.!
	














'
	#	#

 	 	
		 	
	 	
#
 ":#	% 
 	
	

		
						


	

		
				
		()2*



+3,:	

	





+ 	
 2 	 	 	
  
	  != "!

 =
% 

		:#
	
















'
  
#  ( ) * + , -
. !" )> )> )> 29 29 29 9 9
.# !" .9 .9 .9 59 59 59 9 9

/&0" )9 )9 )9 )9 )9 )9 )9 )9
	

 92 92 9.A 922 92. 95 95> 9.8










 
	 	 
 
 	 	 	 
 H	
 . F F . ) . F .
	

 A )5 )2 3 )3 )2> )2 ))
	

 .. )5 )5 .9 )) )8 )2> )6
	

 )2A. )>23 )5.3 )5)5 )65) )A9. )28A )2A.









1











	 	 	 
 	 	 	 	 	
 . ) F . ) . F .
	

 3> )9> )5 )9 .9 )2> )256 ).>
	

 )>> 68 )2> )6 ))> )6 )>6A )5>
	

 ))>6 >>2 )5A5 ).>8 )A96 )636 )6>A )5.5
M
	$

#
 )62 65) 2A ))) )99 >3 .9. 29



2, !	



5, !	



  
	 #	 #	#
. !" 9 9 9
.# !" 9 9 9

/&0" )9 )9 )9
	

 9>6 953 9>6

	 	 	 	
 . . .
	

 )5 )2> )>>
	

 )A )> .9
	

 )383 )>39 .52>

+ 	 
	 
 
 $ 	
  
 	   

4
	
		

4
		
		"
	
			
	



4
	)>N%
+	 	
	



		
	 	


	!=

		!=			

7		
		!=;


;
 	
 	4 
   	 

	 	 		
  	 	 	
	  	4  

 	 	 
 	
 

 
	
   
;


	


	
.!				

"92	%



	"+.%

4		
								




		;

		
			
			


  	    	 = 	  

  	 
 
	
 	 	 	 	 	
	 	 	 	 
 
	
 
	4 
 
 2! 

  	  
   	  	 	 	



	

	

()5*
# 	 ;
 	
 		 
    	 	 	 
 4
	
	


+)9					


	



+)9,;
	
	




		



		
		!=
 
 	 	  		 	 
 	 
 		 	
  	 
	



	
	

(	2

 	 	 
 
  

 

  
 
 	 
 
	
#
 !
O	
	,
	 :#
$	


			
	 1

	




	 ;
	



		




	
	
				




		
	
	 	



 

		=		
	



		
%'
()*=!
P
4		".999%>.)>28
(.*H!	$##
D=!
	 I!7F+==F-3..>")33.%)938))95
(2*!!$-
	P1H-
	=22".99.%5A2532
(5*#=<	
$L-.6")335%.98.)5
(>*H+10#	
-1-#	5)")33A%6888
(6*!$= 
 D< #	
 D  		 		
 
 

	
 
")33A%
(8*<1L
+
	!7F+==F=$38F83")33A%
(A*	<

$$D
/O		
		".995%
(3* = /$L $ M$HH   		 	 <
  8, :	
 	 .
	)33)
()9* M ;H / D 


 L  ! 
	
  
	    ! Q H 	
)333E2.">%,.A2.3.
())* 0
 = =	:	
 ,  		 		    
	
-	)339E.,)>5
().*-= 
 	

		
 	

	
	


P
Q	.99.E2,2R)5
()2*M
-1
	JH
+J
/		

	
		
			 !			-#	032>=.9))
)2.A)226
()5* # 1D L

 /$ 
	
	 =L 0= <	  1!- # Q
6>.98)R.98A".99>%
